This paper proposes a new model for personalized route planning under uncertain condition. Personalized routing, involves different sources of uncertainty. These uncertainties can be raised from user's ambiguity about their preferences, imprecise criteria values and modelling process. The proposed model uses Fuzzy Linguistic Preference Relation Analytical Hierarchical Process (FLPRAHP) to analyse user's preferences under uncertainty. Routing is a multi-criteria task especially in transportation networks, where the users wish to optimize their routes based on different criteria. However, due to the lake of knowledge about the preferences of different users and uncertainties available in the criteria values, we propose a new personalized fuzzy routing method based on the fuzzy ranking using center of gravity. The model employed FLPRAHP method to aggregate uncertain criteria values regarding uncertain user's preferences while improve consistency with least possible comparisons. An illustrative example presents the effectiveness and capability of the proposed model to calculate best personalize route under fuzziness and uncertainty.
INTRODUCTION
Personalized routing, involves different sources of uncertainty. These uncertainties can be raised from user's ambiguity about their preferences, imprecise criteria values and modeling process. To find the best personalized route the model should have the flexibility to consider all these sources of uncertainty. To cope with this problem, integration of routing methods with fuzzy decision theory is an idea that is followed in this article. During the recent years, a number of researches have been done in personalized routing (Vahidinia et.al., 2008 , Khan and Alnuweiri, 2004 , Rodriquez and Lazo, 2013 . Teodorovic and Kilkuchi (2007) presented a model follows the principles of the classical Clarke-Wright algorithm to develop a set of vehicle routes (Teodorovic and Kilkuchi, 2007) . Khan and Alnuweiri (2004) proposed a low-complexity constraint-based routing algorithm for traffic engineering in computer networks that route end-to-end packet flows (Khan and Alnuweiri, 2004) . The proposed fuzzy routing algorithm (FRA), modifies the wellknown Dijkstra's single-source shortest paths algorithm by including fuzzy membership functions in the path-cost update process (Khan and Alnuweiri, 2004) . Zheng and Liu (2004) considered the vehicle routing problem with the travel times as the fuzzy variables. Then they designed a fuzzy optimization model for fuzzy vehicle routing based on the time window (Zheng and Liu, 2004) . Boyan and Littman (1994) described the Q-routing algorithm for packet routing in computer networks. They embedded a reinforcement learning into each node of a switching network. In their model each node only used local communication to keep minimal delivery times (Boyan and Littman, 1994) . In this paper we propose a new model for finding the best personalized route based on the fuzzy decision theory, taking into account the uncertainties in either the measurements or preferences to provide users the ability to include their preferences in routing task easily, we propose a to use fuzzy linguistic preference relation AHP method (FLPRAHP). The most challenging issues in including user's preferences in any personalized systems using multi-criteria methods are the number of comparisons, consistency of comparisons and ambiguities in presenting the exact preferences. The FLPRAHP provide a mechanism for improving consistency using least number of comparisons and include user's linguistic phrases about their preferences (Wang and Chen, 2008) . The FLPRAHP provides costs of links as fuzzy numbers. To find the best route regarding these fuzzy costs, we proposed a new fuzzy routing method based on incorporation of Center of Gravity Fuzzy Comparison (CGFC) method and dijkstra's algorithm. An illustrative example is then used to present the application of the proposed method. The paper is organized as follows. In section 2 we present the proposed methodology describing FLPRAHP, center of gravity fuzzy comparison method and their incorporation in Dijkstra's algorithm. In section 3 we detail an illustrative example showing the step by step application of the proposed method. Some conclusions and future directions of the work are included in section 4.
METODOLOGY
As illustrated in figure 1, the proposed model consists of 2 steps. In the first step, the model provides the basis for capturing users preferences which are always uncertain. The most challenging issues in this step are reducing the number of comparisons between criteria to determine user's preferences and maintaining the comparisons consistent. To cope with these problems, in this step the fuzzy linguistic preference relation method is adopted. This step results in a set of fuzzy numbers represents the cost of each link in the network. The second step uses these fuzzy costs for each link of the network as input values for fuzzy personalized routing engine to solve the best path problem. We design and develop fuzzy personalized routing engine by integrating fuzzy center of gravity ranking method with dijkstra's algorithm. 
Conventional Fuzzy AHP
The Analytical Hierarchical Process (AHP) is one of the extensively used multi-criteria decision making methods. Although this method is easy to understand and it can model expert opinions through pairwise comparison, however, the conventional AHP cannot process imprecise or vague information (Chen and Hwang, 1991 , Chiclana and Herrera, 1998 , Vahidnia et.al, 2008 , Zhu, 2014 in conventional AHP decision makers compare criteria using crisp judgments. However, in the real situations most experts can just use their judgments regarding criteria relative meaning which are usually vague. It is the essence of the AHP that human judgments, and not just the underlying information, can be used in performing the evaluations. To model the ambiguity in judgments and also uncertainty in criteria values fuzzy extensions of AHP has been introduced. However, the most challenging issue of these methods are to maintain the comparisons consistence. The FLPRAHP provides a method to capture the experts' preferences about criteria using fuzzy linguistic phrases and calculates importance weight of each criterion using least possible number comparison while maintains consistency. The steps of the conventional Fuzzy AHP are as follows:
Step 1: Hierarchical structure construction by placing the goal of the desired problem on the top level of the hierarchical structure, the evaluation criteria on the middle levels and the alternatives on the bottom level.
Step 2: Constructing the fuzzy judgment matrix Ã . The fuzzy judgment matrix ̃ in equation 1 is a pairwise comparison of criteria that is constructed by assigning linguistic terms to the pairwise comparisons by asking which one of two criteria is more important.
where ̃is the fuzzy number from table 1 resulted by comparing ith and jth criteria. Absolutely important (7,9,9) ̃− .̃− .̃− .̃− .̃− Relative less important …
Step 3: Calculating fuzzy weights of each criterion. The fuzzy weights of each criterion are calculated using equation 2 (Ekel et.al., 2006) .
Where ̃ is the importance weights of ith criterion.
Step 4: Hierarchical layer sequencing. The final fuzzy weight value of each alternative is calculated by hierarchical layer sequencing using equation 3.
Where ̃ is the fuzzy value of the jth criterion, ̃ is a fuzzy number shows the final score of ith criterion.
Step 5: Ranking alternatives. To prepare alternative for ranking at the final step, one approach is defuzzification which transform fuzzy numbers to crisp ones. Equation 4 shows one of the simplest but least useful methods named weighted fuzzy mean.
Where l, m and u are lower, mid and upper band of fuzzy number ̃ and (̃) is fuzzy mean of ̃ which can be used to determine the optimum alternative. In this paper we propose to use fuzzy ranking method of center of gravity that uses more knowledge from fuzzy numbers to compare them. Furthermore, when the number of criteria become large the number of comparisons as well as maintaining them consistent would be a challenging issue especially in personalized systems where public users are supposed to make comparisons. Here we propose to use FLPRAHP methods in personalized systems which solve these problems. Following we explain the FLPRAHP and Fuzzy Ranking methods in sections 2.2 and 2.3 respectively.
Fuzzy Linguistic preference relation AHP
In the second step of conventional fuzzy AHP described in section 2.1, the amount of comparison can be reduced using the relationship between elements of the matrix ̃ ( Berredo et.al., 2005 , Ekel et.al., 2006 , Wang and Chen, 2008 . Given that the fuzzy positive matrix ̃= (̃) is reciprocal which means that ̃=̃− 1 where ̃∈ [1/9.9] the fuzzy preference relation matrix ̃= (̃) where ̃∈ [0.1] can be calculated using transformation in equation 5 (Ekel et.al., 2006) .
Where , and are left, mid and right band of fuzzy number ̃. For ̃= (̃) being consistent, ̃ should be equal to ̃⨂̃. Taking logarithm on both sides equation 6 yields (Ekel et.al., 2006) . ) from equation 5 the relationship between elements of matrix ̃ can be determined as detailed in equation 7 (Ekel et.al., 2006) .
̃⨂̃≅̃ (6)
These relationships for more than three criteria are as equation 8 (Ekel et.al., 2006) .
By using these relationships, the required comparisons for n criteria will be reduced from n(n-1)/2 to just n-1 comparisons while the consistency is maintained.
Centre of Gravity Fuzzy Ranking Method
There are many ways to compare two fuzzy numbers. Center of gravity is one of the most common and useful techniques (Chen and Chen, 2009 , Chen and Chen, 2007 , Chan and Qi, 2002 , Phani and Shankar, 2011 .
Step 1: Considering ̃= ( . 1 . 2 . .̃) as a generalized trapezoidal fuzzy number where , 1 , 2 and are real numbers and 0<̃≤1 is its maximum membership value. In this step the standardized trapezoidal fuzzy number must be calculated using 9.
Where = ( . 1 . 2 . ‚1) and 0 ≤ * ≤ 1 * ≤ 2 * ≤ * ≤ 1.
Step 2: Computing the Centre of gravity ( * . * ) using equation 10 (Chen and Chen, 2009 
Step 3: Computing the mean and standard deviation (Chen and Chen, 2009) Step 4: Computing rank of the standard fuzzy number using equation 12 (Chen and Chen, 2009 ).
(̃ * ) = * + (̃− * )̃× ( * + 0.5)
This rank then could be used to rank fuzzy numbers. This approach can also be used for triangular fuzzy numbers by considering 1 = 2 in the equations.
Fuzzy Personalized Routing Engine
The route planning algorithms determine a path through a network from an origin to a destination. For determination of this path, the corresponding minimization problem, over an impedance function, has to be solved. This paper proposes that the impedance of each link should be calculated according to the users' preferences using fuzzy linguistic preference relation AHP method as described in section 2.2. The route planning in a network with non-negative crisp costs of links can be solved easily using well-known existing approaches such as Dijkstra's labeling algorithm. However, when the costs of links are in the form of fuzzy numbers, as in the case in this paper, a fuzzy routing approach is required. We propose to adopt Dijkstra's algorithm for fuzzy numbers based on the fuzzy center of gravity ranking method which is described in section 2.3. The advantage of this approach over other existing approaches, which work only for acyclic, layered graphs, is that it is usable for any general directed graphs, including transportation networks. Figure 2 illustrates the proposed algorithm for calculating the fuzzy personalized least cost route. In this approach, a directed graph G=(V,A) is defined with node set V, arc set A, start node (origin) o∈V, target node (destination) d∈V and
) is fuzzy cost of travelling from node u∈V to node v∈V which share a link and 0≤Luv≤Muv≤Uuv≤1. (u, v) Figure 3 shows the network to be evaluated and Table 2 illustrates the attributes of each link. The personalized fuzzy route between the origin, A, and the destination, F, are required for different decision strategies. In this example we supposed that the user is interested to find the best route regarding the "distance", "traffic volume" and "quality of road". Regarding the method described in section 2, the following steps have been followed.
NUMERICAL EXAMPLE
Step 1. Determining users' preferences: Regarding the hierarchical tree illustrated in figure 4 there are 3 criteria namely "traffic volume", "road distance" and "road quality" in which we first should determine user preferences regarding them. Therefore, the first step goes through the process of completing the pair-wise comparison matrix and determining the user preferences using fuzzy linguistic preference relation AHP explained in section 2.2. To do this, the user just completed the first row of pair-wise comparison matrix based on linguistic preference relation in table 1. Other comparisons can be obtained using equation 8. Table 3 shows the comparisons by user. Having this matrix in hand, the weights of each criterion is calculated using equation 2 Step 3. Finding the best path using fuzzy personalized routing method:
In the final step, fuzzy personalized routing engine, which has explained in section 2.4, uses fuzzy cost of travelling on each link to find the best route. The data structure in Table 5 shows the steps for determining best route. Table 5 . the proposed data structure to determine optimum personalized route loop Vertex Cost (v) Previous vertex removed l1 l2 l3 l4 l5 L6 l1 l2 l3 l4 l5 L6 l1 l2 l3 l4 l5 L6 In this table, l1 , l2, …, l6 columns preserve the results of the steps in routing algorithm which are illustrated in figure 2. For the sample network illustrated in figure 3 the algorithm determined the best path in 6 loops in this table. Table 6 shows the required comparisons for each loop using fuzzy center of gravity. To find the path to any vertex in the network, one can find the minimum cost value in its row and trace back using the previous vertex named in the same loop in "Previous vertex" columns. For example for f as the destination minimum cost belongs to loop 4 with 5.10 which is related to its previous vertex D in loop 4. Then, for vertex D the minimum cost belongs to loop 3 with 3.40 which is related to its previous vertex A in this loop. Therefore, the best path to F would be A→D→F. it should be explained that the next best paths to F with 6.8 and 8.56 cost values can be determined by tracing back from loops 5 and 6 respectively.
CONCLUSION AND FUTURE DIRECTIONS
Personalized route planning algorithms use different criteria of the network and aggregates them regarding users' preferences to determine overall cost for each link. These cost then are used to determine the best route. In this paper we emphasize that in this process there are two kinds of uncertainties. The first one is in the criteria values e.g. traffic, quality of the road and so on. Another one is from the ambiguity in determining users' preferences. Furthermore, the number of comparison between criteria to determine users' preferences as well as maintaining the consistency of comparisons are other important challenging issues. In this paper we propose a multi-criteria personalized routing model based on the fuzzy linguistic preference relation AHP model and modify Dijkstra's routing algorithm using fuzzy center of gravity ranking method to cope with this issues. Finally, we provide an illustrative example which shows the capability of the proposed model to capture the mentioned uncertainties.
